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Abstract
Background: A person’s sense of coherence (SOC) reflects their perception that the world is meaningful and
predictable, and impacts their ability to deal with stressors in a health-promoting manner. A valid, reliable, and
sensitive measure of SOC is needed to advance health promotion research based on this concept. The 13-item
Sense of Coherence Scale (SOC-13) is widely used, but we reported in a previous evaluation its psychometric
limitations when used with adults with morbid obesity. To determine whether the identified limitations were
specific to that population or also generalize to other populations, we have replicated our prior study design and
analysis in a new sample of adults with inflammatory bowel disease (IBD).
Methods: A sample of 428 adults with IBD completed the SOC-13 at a routine clinic visit in Norway between
October 1, 2009 and May 31, 2011. Using a Rasch analysis approach, the SOC-13 and its three subscales were
evaluated in terms of rating scale functioning, internal scale validity, person-response validity, person-separation
reliability and differential item functioning.
Results: Collapsing categories at the low end of the 7-category rating scale improved its overall functioning. Two
items demonstrated poor fit to the Rasch model, and once they were deleted from the scale, the remaining 11-
item scale (SOC-11) demonstrated acceptable item fit. However, neither the SOC-13 nor the SOC-11 met the criteria
for unidimensionality or person-response validity. While both the SOC-13 and SOC-11 were able to distinguish three
groups of SOC, none of the subscales could distinguish any such groups. Minimal differential item functioning
related to demographic characteristics was also observed.
Conclusions: An 11-item version of the sense of coherence scale has better psychometric properties than the
original 13-item scale among adults with IBD. These findings are similar to those of our previous evaluation among
adults with morbid obesity and suggest that the identified limitations may exist across populations. Further
refinement of the SOC scale is therefore warranted.
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Background
Sense of coherence (SOC) is the core concept in the
salutogenic theory introduced by the medical sociologist
Aaron Antonovsky [1]. SOC reflects a person’s resources
and dispositional orientation, which enables one to man-
age tension, reflect on internal and external resources
and deal with stressors in a health-promoting manner
[2]. Systematic reviews in general populations and in
chronic disease groups conclude that SOC is strongly
correlated with a person’s mental health [3] and impacts
health-related quality of life (HRQoL). SOC comprises
three components: a cognitive component (comprehen-
sibility), a behavioral component (manageability), and a
motivational component (meaningfulness). Antonovsky
theorized that these three components are dynamically in-
terrelated [1]. Furthermore, he proposed that the “strength
of one’s SOC [is] a significant factor in facilitating the
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movement toward health” [4]. Studies report that SOC is
associated with health behavior [5, 6] and is also a suitable
outcome variable for patient education courses [7, 8].
SOC has been studied worldwide in a number of dif-
ferent populations including patients with somatic and
mental health problems, and in different age groups in
the general population [9]. IBD is a chronic, relapsing
inflammation of the gastrointestinal tract, with common
symptoms including abdominal pain, tenesmus, frequent
and urgent diarrhea, as well as general symptoms like
fever and weight loss [10]. Patients diagnosed with
IBD face the prospect of a lifelong medical condition
with a heterogeneous, unpredictable and potentially
debilitating disease course [10]. IBD is associated with
psychological stress, depression and anxiety as well as
increased risk of psychological comorbidities [11, 12].
The disease often imposes a considerable symptom
burden and significantly impacts the patient’s daily life
and HRQoL [13].
SOC is typically measured using the specifically de-
signed SOC instrument [1]; the widely used 13-item ver-
sion (SOC-13) is an abbreviation of the original 29-item
instrument (SOC-29). Since the anchors of each item
are different, a short instrument is warranted, particu-
larly from a feasibility point of view. The psychometric
properties of the SOC-13 have primarily been evaluated
with classical statistical methods (i.e., Cronbach’s alpha,
inter-item correlation and factor analysis) and in general
populations of students [14] and active older people, as
well as patients with chronic illnesses such as cancer
[15] or cardiac disease [16]. The studies have generally
concluded that the SOC-13 is a reliable and valid instru-
ment. However, the Rasch measurement model from
modern test theory has certain advantages over more clas-
sical approaches because Rasch models provide a more in-
depth evaluation of individual items and person patterns
of responses. The modern test theory approaches also
support exploring current validity evidence based on in-
ternal structure and response processes [17]. Thus, nu-
merous established instruments are now being re-
evaluated using Rasch models (e.g. [18, 19]), and assessed
and compared in different populations [20–22]. The in-
depth evaluation may also provide important information
about the substantive, content, structural, and external
validity and generalizability of the instrument [20, 23].
In a previous study [24], we assessed the psychometric
properties of the SOC-13 in a sample of 142 adults with
morbid obesity. The study showed that a 12-item version
(SOC-12) without item #1 demonstrated better psycho-
metric properties than the original SOC-13. The sub-
scales, in particular Comprehensibility and Manageability,
had low person-separation indices, indicating that the
scales were not able to separate these persons into at least
two groups. As these findings were investigated in a
sample of people with morbid obesity and generally low
SOC scores on a waiting list for bariatric surgery [7], the
study findings may not generalize beyond that specific
population. Findings reported by Naaldenberg et al. [25]
in a community dwelling population of older adults
showed that an 11-item version (SOC-11) without items
#2 and #4 demonstrated better psychometric properties
than the 13-item version and indicated substantial differ-
ences in the psychometric properties of the scale with
regards to differences in populations.
In light of these differing findings, it is crucial to explore
whether similar patterns in the SOC scores exist across
different client groups, indicating empirical support for a
generic theoretical structure. Thus, the aim of this study
was to assess the psychometric properties of the SOC-13 in
a sample of adults with inflammatory bowel disease (IBD)
to determine whether they differ from or replicate our prior
findings in adults with morbid obesity. Using a similar
analytic approach as our prior study, we aim to evaluate: 1)
the functioning of the rating scales, 2) the fit of the SOC
items to the Rasch model, 3) unidimensionality, 4) person-
response validity, 5) measurement precision, as demon-
strated by the ability of the subscales to separate the sample
into distinct strata, and (6) differential item functioning
(DIF) in relation to socio-deomographic variables (i.e., age,
gender, civil status, education and work status).
Methods
Study design and data collection
Patients attending hospital outpatient clinics in Norway
(listed under Acknowledgements) were consecutively
invited to participate in the study from October 2009
through May 2011. Eligible patients were ≥ 18 years of
age and had a previously verified IBD diagnosis of
either ulcerative colitis (UC) or Crohn’s disease (CD).
After providing informed consent, participants were
asked to fill out a questionnaire during the clinic visit.
If preferred, participants could complete the question-
naire at home and return it by mail (prepaid). Thirty of
the 460 consenting patients did not return the question-
naire and two patients did not complete the SOC
questionnaire (N = 428, response rate 93%). Further
details regarding the data collection have been previously
published [26, 27].
Study site
The study recruited patients with IBD who attended out-
patient clinics at hospitals in eastern, western, and south-
ern Norway between October 1, 2009 and May 31, 2011.
Measurements
Socio-demographic data was self-reported and in-
cluded age (<40 vs. ≥40 years), gender, civil status
(married or cohabitant vs. not), educational level (≤12
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vs. >12 years of education), and work status (working,
including being a student vs. not working, including
being a pensioner or disabled).
Sense of coherence was measured with the Norwegian
version of the SOC-13 [1], which consists of 13 items rated
on a 7-point Likert scale. In addition to the SOC-13 total
scale, it has three subscales: Meaningfulness (4 items),
Comprehensibility (5 items), and Manageability (4 items).
In addition, self-reported data were collected on the partici-
pant’s use of complementary and alternative medicine,
HRQoL, fatigue, and generalized self-efficacy. Disease data
were collected from their medical records.
Statistical analysis
As in similar previous studies [28], a Rasch model was
chosen to analyze the SOC subscales as the items are
intended to represent different aspects of the sense of
coherence that are assumed to vary in challenge among
adults with IBD. The Rasch model takes each item score
and adjusts the final person measure based on relative
differences in item challenge [29–31].
A Rasch model analysis converts the pattern of raw or-
dinal scores from the SOC items into equal-interval
measures. This process is performed using a logarithmic
transformation of the odds probabilities of responses of
the SOC items. The Rasch analysis also provide various
statistical outputs used to examine whether items from a
scale measure a unidimensional construct [29, 32]. If the
data supports.evidence of internal structure and unidi-
mensionality, the converted responses from the SOC can
be used as valid measures of sense of coherence. This
transformation simultaneously results in a measure of
each person’s sense of coherence, as well as a measure of
challenge for each of the items along the same calibrated
continuum (from a low sense of coherence [items rela-
tively easy to agree with] to a high sense of coherence
[items relatively challenging to agree with]). Although
the SOC uses a generic rating scale from 1 to 7, the scale
is formulated differently across items and therefore may
not function in a similar manner across all items. For ex-
ample, item #2 asks ‘Has it happened in the past that
you were surprised by the behaviour of people whom you
thought you knew well?’, with response alternatives ran-
ging from: 1 = ‘never happened’ to 7 = ‘always happened’,
while item #4 states ‘Until now your life has had…’ with
response alternatives ranging from: 1 = ‘no clear goals or
purpose at all’ to 7 = ‘very clear goals or purpose’. There-
fore a partial credit model, developed for scales where
ratings may differ across items, was applied to the SOC
in this analysis. The WINSTEPS analysis software pro-
gram, version 3.69.1.16 [31] was used to conduct the
Rasch analyses in this study.
This study was designed with 6 steps to evaluate va-
lidity evidence based on response processes, internal
structure, and precision of the generated measures [17].
In step 1, the functioning of the rating scales used in the
SOC (evidence based on response processes) was evalu-
ated according to the following criteria: a) the average
measures for each step category on each item should ad-
vance monotonically, and b) a criterion less than 2.0 was
expected in outfit mean square (MnSq) values for step
category calibrations [33, 34]. In step 2, the fit of the
items to the Rasch model was then analyzed (evidence
based on internal structure). Step 3 consisted of a princi-
pal component analysis to evaluate unidimensionality
(evidence based on internal structure), step 4 addressed
aspects of person-response validity SOC (evidence based
on response processes), step 5 assessed person-separation
reliability (precision of the generated measures), and step
6 evaluated differential item functioning (DIF) in relation
to socio-demographic variables.
Evidence based on internal structure (step 2) and evi-
dence based on response processes (step 4) were investi-
gated using item and person goodness-of-fit statistics
using the WINSTEPS program to generate mean square
(MnSq) residuals and standardized z-values. These mea-
sures indicate the degree of match between actual re-
sponses on the SOC items and the expected responses
based upon the assertions stated in the Rasch model.
We chose infit statistics to evaluate goodness-of-fit
across individual items and across persons in this study
[29, 35], using a sample-size adjusted criterion for item
goodness-of-fit set for infit MnSq values between 0.7 and
1.3 logits [36].
The criterion for evaluating evidence based on person
response processes was to accept infit MnSq values ≤ 1.4
logit and/or an associated z value < 2 [37, 38]. It is gener-
ally accepted that 5% of the sample, by chance, may not
demonstrate acceptable goodness-of-fit without a serious
threat to person-response validity [37, 38].
To explore the presence of additional explanatory di-
mensions in the data (evidence based on internal struc-
ture), a principal component analysis (PCA) of residuals
was performed to evaluate the unidimensionality of each
of the SOC subscales (step 3) [31]. The criterion for unidi-
mensionality was that at least 50% of the total variance
should be explained by the first latent dimension [39, 40].
To further determine whether the SOC could differen-
tiate people with different levels of SOC, the person-sep-
aration reliability index was calculated (step 5). For a
scale to distinguish between at least two distinct groups,
an index of 1.5 is required.
Given that Antonovsky developed the SOC scale based
on his salutogenic theory, we initiated the process de-
scribed above by examining each of the SOC subscales
(Meaningfulness, Comprehensiveness, and Manageabil-
ity). If the data did not meet the various criteria that
were set, we used the following approach. First, if the
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rating scale did not function according to the set criteria,
we collapsed the disordered scale steps so that the rating
scale met the criteria [31]. Then, if an item did not dem-
onstrate acceptable goodness-of-fit to the model, it was
removed and the psychometric properties were re-
analyzed with the remaining items. This procedure was re-
peated until all items demonstrated acceptable goodness-
of-fit. Next, unidimensionality, person goodness-of-fit,
and person reliability index were examined. Because the
SOC scale is used to generate a total score in addition to
the subscale scores, we also examined the SOC total scale
using similar steps and procedures as described for the 3
subscales.
SPSS for Windows Version 22.0 software (IBM Corp.,
Armonk, NY, USA) was used to describe the sample’s
demographic characteristics.
Results
Sample characteristics
Of the 428 patients, 190 (44%) had UC and 238 (56%)
had CD. The sample had a mean age of 40.8 ± 12.3 years
(range 18 to 79 years) with 210 (50.4%) under 40 years
of age, 212 (49.5%) were women, 309 (72%) were mar-
ried, 282 (66%) were in paid work or in school, and 200
(47%) had more than 12 years of formal education. Me-
dian disease duration was 9 years (range 0.1 to 45 years)
and the majority of patients (n = 257, 60%) reported hav-
ing active disease at the time of the study.
Rating scale functioning (step 1)
When evaluating rating-scale function of the SOC sub-
scales, items #5, #7and #12 did not meet the set criteria
(See Table 1). The average step calibration measures did
not advance monotonically in the following items: scale
step categories 1 and 2 were reversed in items #7 and
#12 in the Meaningfulness subscale, and scale steps 1, 2,
and 3 were reversed in #5 in the Manageability subscale.
The remaining ten items demonstrated acceptable
values. We therefore collapsed the scale step categories
that were reversed in these items before proceeding to
the other analyses.
Item goodness-of-fit and unidimensionality for the SOC
subscales (steps 2 and 3)
In the analysis of the SOC subscales, all items demon-
strated acceptable goodness-of-fit to the Rasch model.
The continuum of challenge calibrations of the SOC
items is presented in Fig. 1. The PCA for the SOC sub-
scales is presented in Table 1. The Rasch model ex-
plained between 47.3 to 55.0% of the total variance in
the dataset across the subscales. Therefore, evidence of
internal scale validity was acceptable for the Meaningful-
ness and Comprehensibility subscales, but mixed for the
Manageability subscale.
Person goodness-of-fit and reliability for the SOC sub-
scales (steps 4 and 5)
Of the 428 SOC surveys, 3.5 to 4.7% of the participants
did not demonstrate acceptable goodness-of-fit to the
Rasch model, depending on the subscale. The number of
participants with maximum and minimum scores (ceiling
and floor effects) across the SOC subscales are shown in
Table 1. As none of the subscales demonstrated more than
4.4% maximum or minimum scores, this was not consid-
ered a threat to target validity.
The person separation index for the SOC subscales
ranged from 1.18 (Manageability) to 1.54 (Comprehensi-
bility), with the latter being the only subscale sensitive
enough to detect the minimum of two distinct strata in
the sample.
Differential item functioning (step 6)
Analyses of DIF of the SOC items in relation to the socio-
demographic variables revealed no DIF for any of the
items in relation to age, gender, education or work status.
The only identified DIF was in relation to civil status on
item #6 (Do you have the feeling that you are in an un-
familiar situation and don’t know what to do?); the item
was relatively easier to agree with for people who were not
married/cohabitant compared to the other items.
As the results of the SOC subscales generated mixed
evidence of validity and reliability, we continued our
analysis to examine the SOC total scale. In particular,
the separation indices for the Meaningfulness and Man-
ageability subscales were lower than 1.5, which indicates
that these scales were not able to distinguish any distinct
strata in the sample and were therefore not functioning
as reliable scales.
SOC total scale (steps 2 through 5)
In the analysis of the SOC total scale, all but two items
(#1 and #5) demonstrated acceptable goodness-of-fit to
the Rasch model. The Rasch model explained 39.7% of
the total variance in the dataset. Therefore, evidence of
unidimensionality was also mixed for the SOC total
scale. The proportion of participants that did not dem-
onstrate acceptable goodness-of-fit to the Rasch model
was 9.6% in the SOC total scale with a separation index
of 2.19, which indicates that three levels of SOC could
be distinguished in the sample.
As items #1 and #5 did not meet the criteria for item
fit, we excluded these items and re-analyzed the SOC
total scale with the remaining 11 items (SOC-11). All of
the SOC-11 items demonstrated acceptable goodness-of-
fit to the Rasch model, the explained variance was actu-
ally slightly higher than in the SOC-13, the proportion
of person misfit was slightly reduced, and the person
separation index for the SOC-11 was only marginally re-
duced compared to the SOC-13 (See Table 1).
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In Fig. 1, the items of the SOC-13 are presented along
a linear continuum. The items in the Meaningfulness
subscale are at the lower end of the continuum, indicat-
ing that these items are generally easier to agree with
and therefore may be more fundamental to the concept
of SOC as compared to the other subscales.
Discussion
Our evaluation of the SOC-13 in a population of adults
with IBD is a replication of our prior psychometric
evaluation of the SOC-13 in a sample of adults with
morbid obesity, which yielded similar findings. In the
present study, the SOC-13 did not meet our criteria for
item scale validity, as two items did not fit with the
Rasch model (items #1 and #5). However, an 11-item
version (SOC-11) omitting those two items showed sat-
isfactory internal scale validity in adults with IBD. In
terms of person-response validity, each of the three sub-
scales met the set criteria, but although the SOC-11 was
slightly better than the SOC-13, neither of the total
scales met the set criteria. The person-separation reli-
ability was satisfactory at the group level for both the
SOC-13 and SOC-11, as both scales could distinguish
three groups. However, two of the three subscales
(Meaningfulness and Manageability) could not separate
the responses into groups, which limits their usefulness.
The psychometric limitations of the SOC-13 identified
in this study of adults with IBD are similar to those
identified in our prior study among adults with morbid
obesity. These replicated findings raise some concerns
related to the SOC-13 that may apply regardless of the
population being studied. We found one other recent
study which has tested the psychometric properties of
the SOC-13 by Rasch analysis in a sample of healthy
adults [41]. Similar to our findings, the scale steps of
some of the items did not advanced monotonically and
had to be collapsed. Furthermore, one item (item #1)
showed misfit, and consistent with the separation index
determined in our study, the scale could separate the
sample into three different levels of SOC. Thus, the find-
ings generated from a series of studies in various sam-
ples/populations share some generic limitations found in
the SOC scale.
First, relying on a 7-category rating scale to produce
more precise estimations of sense of coherence is not
supported by the empirical findings. Instead, a five or six
category scale seems to support more distinct categories
of the target concept. Similar findings have also been
found among both healthy people as well as chronic pa-
tients [24, 41].
Second, a lack of unidimensionality seems to be present
in the Manageability subscale as well as the SOC total
scale. Even though it can be conceptually acceptable that
the theoretical concepts in a psychological model are not
clearly distinct from each other, it creates a challenge
when aiming to measure such constructs in a precise and
valid manner. A prior study in a community-dwelling
older population found that an 11-item version of the
SOC had better psychometric properties than the SOC-13
[25]. These findings, combined with those from our
current study and our previous study among adults with
obesity [24], constitute growing evidence that the SOC-13
lacks internal scale validity, unless specific actions are
taken, such as deleting item #1 from the scale. Item #1
seems to misfit the Rasch model across various groups,
and therefore supports a more generic conclusion that this
item does not fit the underlying sense of coherence con-
struct. Future studies should explore the internal scale val-
idity of the original SOC-29 as the generic findings of the
SOC-13 do not support a unidimensional construct, un-
less items are deleted.
Third, the relative lack of precision, assessed in this
study by the person separation index, needs to be con-
sidered, especially for the SOC subscales. However, when
the subscales are combined into one total score, they are
better targeted to the sample (See Fig. 1) and also gener-
ate more precise measures of the construct (See Table 1).
Both the SOC-13 and the reduced SOC-11 versions were
able to detect three distinct groups of SOC. Although
this can be relevant for group comparisons, some con-
cerns should be raised in using the SOC as an outcome
measure on an individual basis. Moreover, the measures
are likely not precise enough to detect small but poten-
tially important changes over time or in relation to
Fig. 1 Item hierarchy for subscales of the SOC. Scoring of items: 2, 3,
7, and 10 are reversed
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intervention. It may also be notable that the classical
Cronbach alpha values reported for the SOC scales are
not sensitive to detect item misfit or lack of separation,
which supports the use of several methodological ap-
proaches derived from both classical and modern test the-
ory in evaluating evidence for the validity of clinical scales.
Study limitations
The current study has some limitations. An even larger
sample would have allowed more in-depth analysis of sub-
groups, e.g., whether people demonstrating unacceptable
goodness-of-fit share some unique characteristics. In
addition, this analysis was based on a sample of Norwe-
gian persons with IBD, and therefore it may not be evident
whether the findings are specific to those with IBD, the
Norwegian version of the SOC, or a combination of both.
An earlier published Norwegian study with people with
morbid obesity demonstrate some similar findings as in
this study, indicating that the findings may be generic and
not limited to a specific diagnosis. Finally, future studies
that include both classical and modern test theory would
be helpful for discerning whether differing psychometric
findings are due to the different approaches or simply re-
flect differing samples.
Conclusions
Findings from this and other studies performed in a Scan-
dinavian context indicate that the SOC-13 does not meet
criteria for validity or precision in various samples. This
raises concern about using the sum scores of the SOC
scale and subscales as valid measures of the target
phenomenon, as the raw sum scores do not fully represent
variations in a sample. The degree of challenge for each
item should be taken into consideration in estimations of
individual measures of sense of coherence, or transform-
ation tables should be developed. Future research should
focus on developing a better version of the SOC scale
based on item response theory models, starting with the
SOC-29 item pool to develop and evaluate both subscales
and total scales. Reduction of the rating scale should also
be considered, as the current 7-point scale does not func-
tion as an interval scale.
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